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Reiaaaing agents and realn compoaltions therawith. 



@ The present Invention provides a releasing agent obtained by rsacting of an organic polysBoxane 
having a hydroxy! group or an epoxy group with an ethyienlcaOy unsaturated dlcart>oxylic add grafted 
pdydefin or a reaction product of said grafted pdyolefin and an actwo hydrogen atDnr>-containing 
compound selected from the group consisting of an alcohol, an amine and an aminoalcohol. 
This releasing agent can be used in a resin composition for use in electrophotographic toner. 
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EP 0 581 150 A2 

BACKGROUND OF THE INVENTION 
Field of the Invention 

6 The preseint Invention relatoe to a relaaaing agent and a realn compoeltion therewith. More particularly, It 

relates to a releasing agent and a resin compos Hlon therewith suitable for an electrophotographic toner. Further 
more particularly, It relates to a releasing agent providing an negative charge with a toner and a resin compo- 
sition therewith. 

10 Description of the Prior Art 

in electrophotographic or electrostatic recording system, a known releasing agent, as Japanese patent pub- 
lication No. 3304/1977 discioaes, is a low molecular weight polypropylene. However, conventional low molecp 
ular weight poiyolef in does not satisfy demand for lowering of a f being temperature which is rising In recent 

15 years, because it melts or softens at high temperature. In order to improve a toner In a fixing property at low 
temperature and anti-offsetting, Japanese patent Lay-open No.282751/1985 discloses an ethylenically unsa- 
turated sllane grafted wax and also British patent publicatbn No.2234602 discloses a specific polyolefln modi- 
fied with an organic sllane compound having an amino group, for the releasing agent both of which provides 
a positive charge with a toner. 

20 Attempt to permit the low molecular weight polypropylene to melt at lower tempeiature leads to failure be- 

cause the modified polypropylene provides a toner with poor flowability. Natural waxes having a low melting 
point, synthetic waxes such as polyethylene wax and unsaturated carboxyflc acid modified waxes decrease 
a releasing property or flowability of a toner and easily cause to cohere the toner. Ethylenically unsaturated 
sllane grafted polyethylene waxes are unfit for wide-spread duplicators in which a latent image Is developed 

25 with a toner with an egative charge, because a relativety great amount of a charge control agent is needed. 
Some of conventional releasing agents has poor compatibility with binder resins or charge control agents, re- 
sulted In Inferlorly dispersed state or bleeding of the former agents, in worse case. Such phenomena often 
hinder stability of the toners in performances. 

Accoixllngly, an object of the present Invention provides a releasing agent to enable a toner to fix at lower 

30 temperature. Another object of the present provides a releasing agent to Improve hot-offeetting property of a 
toner. An further object of the present invention provides a releasing agent which Is able to melt or soften at 
lower temperature and impedes no flowability of a toner. An still further object of the Invention provides a re- 
leasing agent compatibie with binder resins or charge control agents. Further, an object of the invention pro- 
vides a releasing agent easily and minutely dispersibie in a polyester resin. Still further, an object of the inven- 

35 lion provides a releasing agent to Impart a loner with a negative chargeabillty. Moreover, an object of the In- 
vention provides a binder resin composition containing the releasing agent to bring a fixing property at lower 
temperature, a good and-hot offsetting property, a negative chargeabaity or a good releasing property into a 
toner. 

40 SUI\4MARy OF THE INVENTION 

The releasing agent which is applied to the tonerfor electrophotographiy according to the present invention 
essentially consisting of: 

a releasing agent obtained by reaction of an organic polysfloxane having at least one hydroxyl group or 
45 at least one epoxy group and an ethylenically unsaturated dicarboxyiic acid grafted polyolefln or a reaction 
product of said grafted polyolefln and an active hydrogen atom-containing oompou nd selected from the group 
oons^ted of an alcohol, an amine and an aminoalcohol; and 

a resin composition comprising the releasing agent and a binder resin. 

so DETAILED DESCfJIPTION OF THE INVENTION 

Suitable poiyolef In according to the present invention includes polyethiene of high density, med'um density 
or low density types, ethylene copolymers such as ethylene-aipha-olefin copolymers, ethylene-vinyl acetale 
oopolymera and ethylene-^ethacryl or acrylic acid copolymers, polypropylene, propylene copolymers such as 
55 propylene-aipha-defin copolymers, propyiene-vinyl acetate copolymers and propylene-nnethacryl or acryiic 
acid copolymers, polybutene, poly-4-methlpentene-1 and a combination thereof. 

A number average molecular weight of th poiyolef in Is usually 500 to 1 00,000. preferably 1 .000 to 20,000. 
The preferred poiyolef in is a low molecular weight polyolefln obtained by thermal degradation of high molecular 
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weight poiyolef in. Alow molecular weight polyethylene ie particularly preferred to produce a low melting-point 
releasing agent Such poiyethyl ne haa a number average molecular weight of 1 ,000 to 20,000. 

SuitabI thylenlcaliy unsaturated dicarboxylic acid includes maieic acid, fumaric add, itaconic acid, cit- 
raconlc acid and anhydride thereof. Among these, maieic anhydride is preferred. 

An addition amount of the dicarboxyiic add to the poiyolef In ia usually 0.5 to 30 % by weight, preferably 
1 to 20 % by weight, based on the resultant modified polyolefln. 

Suitable alcohols include a monohydric alcohol such as methanol, ethanoi., propanol. butanol, pentand. 
hexand, octand, deyl aicohd and stearyl alcohol, a pdyhydric alcohd such as ethylene glyooi. dlethylene 
giycd, 1,4-butanedid, bla-hydroxyethoxy benzene, glycerin and pentaerythrytoi. 

Suitable amines having carbon atoms of 1 to 18 include monoamine 8uch as dimethylamine, diethylamine. 
propytamlne, laurylamine and stearylamine, diamines such as ethyl enediamine. 1,4-butyienediamine, cyclo- 
hexanediamine, totylenediamine and isophoronediamine and triamines such as diethylenetriamine. 

Suitable aminoatcchois Indude nrK>noethanoiamine, diethandamine, N-methylethandamine, N.N-dime- 
thytethanolamlne, N,N-dlethylethandamlne and N.Ni-dlmelhyipropandamlne. 

Ethylenically unsaturated dicartsoxylic add grafted polyolefln is obtained by graft reacting the polyolefln 
with the dicarboxylic add in a solution or melted state at 120 to ISO^'C for 0.5 to 10 hours in the presence of 
an organic peroxide, if needed. The grafted polyolefln is also obtained by reacting the pdyolef in with an ester, 
amide or imide of the dicarboxylic acid in a solution or melted state at 120 to IBO'^C for 0.5 to 10 hours in the 
presence of an organic peroxide, if needed, followed by hydrolysis of the obtained reaction product Derivatives 
of such acid are. for example, methyl maleate. dibutyl maleate, malelnmonoamlde and malelnlmlde. 

A reaction product according to the present invention is obtained by reacting the acid grafted polyolefin 
with 0.1 to 3 moles of, preferably 0.4 to 2.2 moles of an active hydrogen atonrvoontalning compound per one 
mole of the dicarboxylic acid In the grafted pdyoiefin, at 60 to 240*C for 0.5 to 20 hourB, In the presence of a 
catalyst and a advent if needed. When excess amount of the compound ia employed, the unreacted compound 
B preferred to be removed by reduced pressure or advent extraction, from the resutani product Suitade cat- 
alysts used fbr the above reaction are oxides, hydroxides, or carbonates of metals and tertiary amines. The 
reaction product Is also obtained by an ester exchange reaction of the grafted polyolefln and an ester of the 
alcohol as a substitute of the alcohol. Therefore, the active hydrogen atom-containing compound indudes a 
masked compound which has the same reaction behavior toward a carboxylic acid as an aioohol or amine, 
e.g., an ester, an amide and an Imlde. 

According to the present invention, the reaction product of the ethylenically unsaturated dicarboxylic add 
grafted pdyoiefin and the active hydrogen atom-containing compound Is preferred to leave a carboxylic group 
resulting from the.dicartx)xylic add In the mdecule. 

The pdysiloxanes according to the present Inventbn may be oily or resinous. Structure of the polysllox- 
anes is typically expressed by the fdlowlng formulae: 
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wherein: 

oach of Rl to R7 18 independently Ihe same or different and is a monovalent group such as methyl, propyl, 
dodecyl, phenyl, p-phenylethyl or 3.3.3-trif luoropropyl, 

X Is a monovalent group including an epoxy group such as giycidyl, glycidyloxyalkyi or 3,4^oxocyclo- 
hexylalkyi or a hydroxyl group such as hydroxypropyl, hydroxyisobutyl, hydroxy phenethyl, hydroxyethylpoiyox- 
yethylenealkyi or hydroxypropylpoiyoxypropylenealkyli and 

p and q are each Independently 0» or an integer greater than 1. provided that the sum of p and q is an 
integer of from 1 0 to 1 ,000. 

Suitable polysiioxanea includes poly(dimethylaloxane, nwthylhydraxyethioxypropylsiioxane), 
poIy(dim6thylsiloxane, methyigycidytoxypropylsiloxane) and poly(dimethyl8loxane, methyl3,4^oxocyclohexy- 
iethylsiioxane). 

Such polysiioxanes having at least one hydroxyl group are marketed under the tradenames of ** X-22- 
160AS " ( hydroxyl value:1l2 ), " KF-6001' ( hydroxyl value:62 ). " KF-6002 ' ( hydroxyl value:35 ). " KF-6O03 " 
( hydroxy! vaiue:g6 } , ' KF851 ' X-22-801 avaHable from Shinetsu Kagaku KabushOdkaisha In Japan and 

■ F-235-21 " ■ FZ-3722 " FZ-3711 \ " F-235-22 " F-235-71 " F-235.72 F-235-73 " F-235-74 - F- 
235-75 " FZ-3748 " FZ-3749 available from Nihon Unicar company in Japan. 

Such polysiioxanes having at least one epoxy group are marlceted under the tradenames of " KF100T ^ 

■ KF101 " < epoxy equhraient:340 ), " KF102 " ( epoxy equivalent:4,000 ), " KF103 ■ X-60-164 " X-22-343 ^ 
" X-22-367 " X-22-163AS " ( epoxy equivalent:490 >. " X-22-163A ■ ( epoxy equivaient950 ), • X-22-163B " 
( epoxy equh/alent:1760 }, " X-22-163C ' ( epoxy equivalent:2790), " X-22-163E " ( epoxy equlvalent:4.000 ), 
" X-22-163F " ( epoxy equivalent: 6,100 ), ' X-22-169A " ( epoxy equivalent:980), 'X-22-169B ' ( epoxy equiv- 
alent:1,670 ), available from Shinetsu Kagaku Kabushikikaisha in Japan and " L-9300 • FZ-3720 ■ F-217- 
31 ■ F-217-32 " F-239-41 • F-239-42 " F-239-43 " F-217-41 " F-217-42 \ " FZ-373e " F-239- 
51 ■ F-239-52 ' F-239-53 available from Nlhon Unicar company in Japan. 

Among these, preferred is a polysiloxane having an epoxy group, nnore preferred is a poiysioxane having 
an epoxy equivalent of 200 to 10,000. 

The reaction of the ethyienicalty unsaturated dicarboxylic acki grafted polyolefin or the reaction product 
of the grafted polyolefin and the active hydrogen atom-containing compound with the polysHoxane having the 
hydroxyl or epoxy groups, accofding to the present invention, Is conducted In equivalent ratio of the carboxyllc 
group to the liydroxyl or epoxy groups of 0.5 to 2 at 80 to 260°C for 0.5 to 1 6 hours, in the presence of a catalyst 
If needed. 

Preferred releasing agents contain 0.01 to 9 % by weight of sllteone atom In the molecule. When the re- 
leasing agent does not contain more than 0.01 % by weight of the atom. It provides the toner with insufficient 
anrMunt of electrostatic charge. When it does not contain less than 5 % by weight of the atom, there are some 
undesirable problems such^as diff icut productbn of the agent and insuff Icientlyimproved anti-hot offisetting 
property. / 

Particularly preferred releasing agents are obtained by reacting the polyolefin which is produced by ther- 
mal degradation, results in having a numberaverage molecular weight of 1,000 to 20,000 and maleic anhydride 
grafts on with the monohydric alcohol having cartxin atoms of 1 to 18 and further reacting the resultant half 
ester with the pdyslloxane having the epoxy equivalent of 200 to 10,000. 
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Suitable binder resins according to tlie present Invention include polyolefin, pdyurethane, pclyanrtide, 
poly( vinyl butyral). rosin, terpens rasln. phenolic resin, petroleum rsain, homo- or co-polymerB of styrenk: 
monomer, polymer of acrylate ester, polyester resin and epdxy resin. 

Suitable polyolefin includes polyethylene, poly( vinyl acetate ) and polyvinyl chloride. Suitable homopoly- 
6 mere of styrenid monomer include polystyrene and polyvinyltoluene. Suitable copolymers of styrenic monomer 
Include styrene-sul>stltuted styrene copolymer such as styrene-p-chlorostyrene, styrene-vlnyltoluene and 
styrene-ethylenlcally unsaturated ester copolymers such as styrsne-nwthyl acrylate, styrsne-ethyl acrylate, 
styrsne-butyl acrylate, styrene-octyl acrylate, styrene-butyl methacrylate. styrene-maleata ester or styrene- 
fumarate ester copolymers, styrene-diene copolymers such as styrene- butadiene copolymer. Copolymers of 
io styrsnic monocner may Include a cross-linked copolymer comprising the above monomer and a cross-linkable 
fTwnoiTier- 

Polyaeter resin may t>a linear or non-linear. Suitable pdyeatar resin include one comprising a polyhydric 
alcohol such as ethylene glycol, diethylene glycol, butanediol, neopentyl glycol, p-xylylene glycol, cydohexa- 
nediol, cyciohexanedlmethanol, glycerin, pentaerythrytol or alkylene oxide ( e.g., ethyleneoxlde, propylene- 

15 oxide ) adducts of bisphanol A or phenolic resin ( having a nucleus numt)er of 3 to 20 ) and a polycarboxylic 
acid such as lumaric acid, maleic acid, succinic acid, adipic acid, suberic acid, azeraic acid, sebacic acid, ter- 
ephthallc acid, Isophthallc add, 2,6-naphthalene-dlcarboxyilc acid, trinnellltlc add, pyromeilltlcacid, hemlmel- 
lidc acid, trimesic acid or 4-neopentylidenyl-1.2,6,7-heptanatetracartX)xylk: add. 

Homo- or copdymer of styrenic nrK>nomer and polyester resin are preferred. A polymer composition com- 

20 prising a polymer of a vinyl monomer selected from the group consisting of an acrylate ester, a methacrylate 
ester, styrene, funnarate mono- or diestar, acrylonibrile, methacrylic add and methacrylamkie, said polymer 
having a number average mdecularweight of 2,000 to 15,000, az average molecular weight of at Ieast400,000 
and a ratio of z average molecular weight to a number average nrK>lecuiar weight of 50 to 600, a poiyeatery 
resin comprising a polycarboxylic ackJ and an alkylene oxide adduct of a phendic resin, and a polyester resin 

25 comprising a polycarboxylic acid comprising trimellitic acid and an alkylene oxide adduct of bisphend A ate 
more preferred. 

The above vinyl polymer having the z average molecular weight of at least 400,000 Is obtained by pdy- 
merizing the above monomer in the presence or absence of mono-peroxide as a polymerization initiator at rel- 
atively low temperature and then further continuing to polymerize the nrK>nomer with use of the solvent and 
30 the above initiator when they are absent It la preferred that bulk pdymerlzadon la conducted until 30 to 90 % 
by weight of the monomer used is consumed based on the total monomer. The preferred temperature through 
the total reaction ranges from 80 to ISO^C. 

Such polymer Is also obtained by pdymerizing the monomer at higher temperature with use of a pdy- 
peroxide in place of the mono- peroxide. It enable to produce the polymer in the pdymerization of various types, 
35 induding bulk polymerization, sdution pdymerization, dispersion polymerization and emulsion pdymerizatton. 
When the poly-peroxkle Is used, higher molecular weight pdymer can be produced in shorter process time. 

Suitable poly-peroxides are 1,1-dl-t-butylperoxy-3,a,5-trimethylcydohexane, 1,3-bls-(t-butyfperoxyiso- 
propyl) benzene, 2,5-dimethyl-2,5-di-{1-butytperoxy) hexane, 2,5-difnethyl-2,5-di-(t-butylperoxy) hexyne-3. 
tris-(t-butylperaxy) triazine, 1,1-di-t-butylperoxydclohexane, 2.2-di-t-butylperoxy butane, n-butyi 4,4-di-t-bu- 
40 tylperoxyvalerate, di-t-butyiperoxy hexahydroterephthaiate, di-t-butyiperoxy azerate, di-t-butylperoxytrime- 
thyl adipate, 2,2-bis-(4,4-di-t-butylperoxycyclohexyl) propane and 2,2-t- butyl peroxy octane. 

Among these, 1,1-di-t-butylperoxy-3,3,5-trlmethylcyclohexane, 1,1-di-t-butylperoxycydoxane, di~1-butyl- 
peroxy hexahydroterephthaiate, di-t-butylperoxy azerate and 2,2-bi8-(4,4-di-t-butylperoxyGydohexyl) propane 
are preferred. 

45 A resin composltton of the present Invention can be obtained by dissolving or dispersing usually 0.5 to 30 

% by weight of, preferably 0.5 to 1 0 % by weight of, more preferably 1 to 5 % by weight of the releasing agent 
of the present invention in usually 70 to 99.5 % by weight, preferably 90 to 99.5 % by weight of, more preferably 
95 to 99 % by welghfcof the binder resin which Is In sdution followed by removing the solvent or by mixing both 
components in melted state. StilU the composltton can be obtained by an addition polymerization of the above 

50 vinyl monomer or condensatton polymerizatton of a combinatton of the polyhydric alcohol and the polycarbox- 
ylic acid previously menttoned, in the presence of the releasing agent of the present Invention. In the above 
condensation polymerizieition, a lower alkyi ester of the polycart>oxylic add is more preferred than the acid. 

Atonerordeveloperfor electrophotography can be prepared by kneading the resin composition of the pres- 
ent Invention with a ooioring/agant, a charge control agent and a magnetic powder or a carrier parllde If needed, 

55 pulverizing these auxiliaries until their desired partide siz distribution attains and mixing the reautant powder 
with hydrophobic colloidal sitica powder. Such cdoring agent is, forexarifipie, carbon, iron black, benzidine ye^ 
low, quinacrkione, Rhodamine D and phthalocyanines. Such charg contrd agent Is, for example, Bontron E- 
82, Bontron S-34 ( available from Orient company in Japan ) and Spiron Black TRH ( available from Hodogaya 
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Kagaku Company in Japan ). Such magnetic powdar la, for example, powders of iron, cobalt, nidcel or magnetfta 
and fBrrite. Such carrier particle is, f r exampie, glass beads. 

The present invention Is explained in further detail with the aid of the following, non-limiting mbodiment 
examples. The parts and percentages, also otherwise illustrated are all by weight 

s 

EXAMPLE 

1. Releasing property 

Releasing property is evaluated in view of antl-offsettlng property and filming property In a developer 
10 comprising a releasing agent, a binder resin, a coloring agent, a charge control agent, a colloidal sflica and 
a carrier. 

2 JVnti-hot offsetting property 

An unf ixed toner image is developed on a plain paper using a commercially avaiable duplicator ( Mod- 
el BD-7720, produced by Toshiba Corporation In Japan ) and the Image on the paper is fixed at the speed 
f 5 of 35 copies of A4 sheet per minute using a commercially available duplicator { Model SF-840QA, produced 

by Sharp Corporation in Japan } revised to provide with a variable fixing device. In this way, the temper- 
ature of a heat roll to Initiate off-setting phenomenum Is measured. 

3. Fiming property 

It is observed with bared eyes whether a toner is fused and smeared on a photosensitive drum post 
20 continuous 30,000 copies. 

4. Flowabilily 

Flowabi ity is evaluated in view of the bulk specific gravity. The higher the bulk specific gravity is. the 
higher the flowablilty Is. Bulk specific gravity of a mixture of the resin composition containing a releasing 
agent and a carrier ( Carrier F-150 ) is measured by means of a powder tester available from Hosokawa 
26 Micron Kabushikikaisha in Japan 

r.Chargeabllity 

The resin composition of the present Invention and the carrier ( avallaNe from NIhon Teppun Kabush- 
ikikaisha in Japan under the tradennark of Carrier F-150 ) in a 100mi bottie are frictionized in a tun^bler 
shaker mbcer at a speed of 50rp.m. to make it charged. Every predetermined time, a charging quantity of 
30 the mbcture ie measured In atcmosphere of 23^C and 50% relative humidity by means of a blow-off elec- 
trostatic charge meter available from Toshiba corporation in Japan. 
a.MeltIng point 

Melting point of a releasing agent is measured at the rise of lO^'C per minute by means of a melting 
point apparatus ( Model RDC220, available from Seiko Denshikougyou KabushDdkaisha in Japan ). Amax- 

35 imum peak on a chart is regarded as a melting point 
g.Minimum fixabie temperature 

A developer is prepared by mbdng 30 parts a toner < comprsing a releasing agent, a binder resin, a 
coloring agent, a charge control agent and a colloidal silica ) and 720 parts of a ferrite carrier F-100. 
An unfixed boner Image Is visualized with the above developer on a plain paper using a commercially 

40 available duplicator ( Model BD-7720, produced by Toshiba Corporatkin in Japan ) and the Irr^e on the 

paper is fixed at the established delivery spaed of 1 SOmm per second using a commercially available du- 
plicator < Model SF-d4bOA, produced by Sharp Corporation In Japan ) revised to provide with a variable 
fixing device. In this way, a minimum temperature to enable fbcation is measured. 
9.Preparation of binder resin 

45 9-1 .Preparatk)n of high molecular weig ht polymer 

A mbcture of 480 parts of styrene, 120 parts of n-butyl acrylate, 0.1 parts of 1,6-hexane diacrylate 
and 0.3 parts of 2,2-bi8-(4,4-di-t-butyl-peroxycyclohexyl) propane is polymerized m the atmosphere ofni- 
togen at 95'C for 3 hours, followed by adding 1 50 parts of xylene, polymerizing at the above temperature 
for additional 4 hours and further continuing polymerization at 120'»Cfor 2 hours. After supplying a resultant 

50 polymer with additional 0.6 parts of the peroxkie. the polymerization was completed by rising the mixed 
solution to 160^C over2 hours and keeping the temperature for one hour. 
9-2.Preparation of low molecular weight polymer 

An one liter glass autoclave Is feeded with three hundered parts of xylene, filled with nitrogen gas 
and riasd to 200*'C. After dropping a mixture of 630 parts of styrene, 73 parts of rhbutyl acrytato and B 

55 parts of di-t-butylperoxide over 3 hours, pdymerization was completed by heating the resultant solutton 

at the same temperature. A polymer thus obtained has a number average molecular weight of 6.000 and 
ratio of a weight average molecular weight to a number average m lecular weight of 2.3. Contents of the 
polymer within the region between 1 ,000 and 30,000 in molecular weight occupied 91 % in area on a GPC 
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Chart. 

9-3.Pr paration of binder resin composition 

A binder resin composition was obtained by h ating a mixture of 1,000 parts of the atKsve high mo- 
lecular weight polymer solution and 750 parts of the above low molecular weight polymer solution to be 

6 homogeheoua under refluxing and distilling off the solvent under reduced pressure. 

The composition has a weight average molecular weight of 300,000, ratio of a weight average molec- 
ular weight to a number average molecular weight of 66, and a glass transition temperature of SQ'^C. Re- 
spective contents of the polymer of at least 300,000 and the polymer wHhin the region between 1 ,000 and 
30,000 in molecular weights occupied 28 % and AT % In area on a QPC chart A molecular weight of 35,000 

10 was located at the bottom and its height finom the base line occupied 13 % of the height of top peak, on 
the GPC chart 

Example 1 

15 Nine hundred parts of low molecular weight polypropylene having a number average molecular weight of 

2,300 and a melt viscosity of 0.7 poise at 1 60*^0 and 1 00 parts of maleic anhydride were mixed and heated in 
1,500 parts of xylene to disperse homogeneously. After adding 10 parts of dicumyl peroxide to the resultant 
solution, the mixture was reacted at a temperature of 95 to 11Q''Cfor4hours and then xylene was distilled off. 
Polypropylene maleated In amou nt of 5.0% by weight thus obtained has an acid value of 60. Nextly, 1 00 par ts 

20 of maleated polypropylene and 3 parts of a hydroxyl group-containing pdyailoxane, KF1 51 ( avalable from Shl- 
nefsu Kagaku Company in Japan ) were mixed in 150 parts of xylene and reacted at 140°C for 2 hours. After 
distiling off xylene, a releasing agent thus obtained melted at 99**0, 

Example 2 

25 

Four hundreds of nrtaleated polypropylene of Example 1 and 80 partes of iauryi alcohol were reacted In 
the presence of 1 parts of sodium hydroxide at 180 to 215«Cfor 10 hours. The reaction product was obtained 
by distilling off xylene and unreacted alcohol and had an acid value of 22. It v^s reacted with 16 parts of an 
epoxy group-containing poiysiloxane, KF1 01 ( available from the above company ) at 1 90 to 1 QS^'C for 5 hours. 
30 A releasing agent having the add value of 9 waa thus obtained. The agent melted at 1 26«C. 

Example 3 

Four hundreds of maleated product of thermal degradated polyethylene, Younnex2000( available from Sa- 
35 nyo Chemical Industries. Ltd in Japan ) was reacted with 26 parts of methanol at 95 to 110°C in the presence 
of 1 parts of sodium hydroxide for 5 houre. After distiliing off unreacted alcohol and xylene, a half ester having 
the add number of 29 was thus obtained. This ester was reacted with potysiloxane, KF101 ( epoxy equiva- 
lent:340 } at 170 to 1 W*C for 6 houre. A releasing agent thus obtained had the acid number of 12 and a melting 
point of 100<»C. 

40 

Example 4 

A mixture of 400 parts of maleated polyethylene of Example 3, 400 parts of stearyl aloohol and one parts 
of sodium hydroxide was heated at 200 to 230<*C for 8 hours and then unreacted alcohol was distilled off. The 
45 resultant reaction product was furt her reacted wit h 1 6 parts of an epoxy group-containing polyslioxane, KF1 02 
( available from the above company ) at 190 to 210'>C for 5 houre. A releasing agent having the acid value of 
5 and the melting point of 1 02'>C was thus obtained 

Example 5 

50 

A solution of 400 parts of maleated polyethylene of Examples, 19 parts of N,N-dlmethytethanolamlne In 
600 parts of xylene was heated at 1 90 to 21 O^'C for 4 hours and then unreacted alcohd and xylene waa distilled 
off. The resultant reaction product had an amine value of 26. The product was further reacted with 12 parts 
of polyslioxane, KF101 at 1 90 to 21 O^'C for 5 hours. A releasing agent having the melting point of 104"^ waa 
55 thus obtained. 
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Example 6 

Eighty seven parts of a binder resin composition previously mentioned was kneaded with 4 parts of a re- 
leasing agent of Example 1, 6 parts of carbon black, MA-100 ( available from Mitsubishi Kasei kougyou Ka- 
6 bushiki Kalsh^ in Japan ) and one part of Spironblack TRH (charge control agent, available from IHodogaya 
Kagaku company In Japan ) underf he conditions of 14(y*C and 30r.p.m. for 1 0 minutes In Labo-plastmiil ( avail- 
able from Toyo Seiki Company in Japan ) 

The kneaded product Is finely pulverized by mea ns of Jetmill ( model P JM 1 00, available from Nihon Pneu- 
matic Company in Japan ), sieved to get a fine powder with 2 microns or below by means of an airtxsrne clas- 
10 sifyer ( model MSD, avaiable from Nihon Pneumatic Company In Japan ). A toner was prepared by enoughly 
mixing one thousand parts of the powder with 3 parts of Aerosil R972 ( available from Nihon Aerosil company ). 
A developer was obtained by enoughly mixing 25 parts of the above toner with 1 ,000 parts of a powder of iron 
( produced under the trademark of F-150 by Nihon Teppun company ) 

The anti-hot offsetting property and filming property were evaluated for the developer thus obtained, as 
15 shown in Table 1. ! 

Examples 7 to 10 and Comparative Example 1 to 3 



In the same manner as Example 6 except for using each releasing agent of Examples 2 to 5, commercially 
20 available paraffin wax. Viscol 550P ( low molecular we Ight polypropylene having a melting point of 1 40^C, avail- 
able from Sanyo Chemical Industries, Ltd ] or Sanwax 151P (low molecular weight polyethylene having a melfr 
ing point of 1 0S'^C, available from the above company each developer was prepared. 

The anU-offsettlng property and filming property were evaluated for these developers, as shown In Table 

1. 

25 

Table 1 



Example 


Anti-offaetting 


Filming 


6 


over220*t^ 


not oGcured 


7 


do. 


do. 


8 


do. 


do. 


9 


do. 


do. 


10 


do. 


do. 


Comparative example 






1 


140«C 


greatly fused and snneared 


2 


205«C 


fairly fused and smeared 


3 


180°C 


greatly fiised and smeared 



40 

Examples 11 to 12 and Comparative Examples 4 to 5 

One hundred parts of the binder resin composition prevk>usly mentioned was kneaded with 4 parts of the 
releasing agent of Examples 1 or 3, or of Comparative Examples 1 or 2 at 150 to 155°C at the speed of 70 
50 r.p.m. for 20 minutes by means of the Labo plasbnDI. 

The resin composition of the present invention is prepared by finely pulverizing the kneaded product by 
means of Jetmill previously mentioned and sieving the resultant powder (o get a fine powder with 2 microns 
or below by means of the airt>orne daaslfyer 

Bulk specifk: gravity of these powders is shown in Table 2. 
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Tabale 2 







Bulk specific gravity 


releasing agent ( melting point) 


6. 


Example 1 1 


0.24 


Example 1 ( 99«C ) 




Example 1 2 


0.25 


Example 3 (lOO^C) 




Comparativd Example 4 


0.22 


Comparative Example 1 ( TCC ) 


10 


Cmparative Example 5 


0.23 


Comparative Example 2 ( 140''C ) 



15 



20 



30 



Examples 13 and 14 and Comparative Examples 6 and 7 

Four parts of the corresponding toner used in Examples 7 and 6 and Comparative Examples 2 and 3 and 
a carrier tradmarked F-1 50 were mixed and chiarged. Charging quantity of RoGpective mixture while changing 
a mixing time of from 1 to 60 minutes at shown intervals is evaluated, as shown In Tabale 3. 

Table 3 



Example 13 



Example 14 



Comparative Example 6 



Comparative Example 7 



Friction time ( minutes ) 



1.0 
3.0 
20.0 
60.0 
1.0 
3.0 
20.0 
60.0 
1.0 
3.0 
20.0 
60.0 
1.0 
3.0 
20.0 
60.0 



Amount of charge ( ^C/g ) 



-5.6 
-11.8 
-30.5 
-44.4 
-3.7 
-7.9 
-23.0 
-35.0 
-0.1 
-0.3 
-2.3 

-0.1 
-0.2 
-2.1 
-5.0 



SO 



55 



Example 15 

A mbeture of 75 parts of xylene and 3.5 parts of t he releasing agent of Example 2 was heated to the reflux 
temperature. Amixture of 69 parts of styrene , 24 parts of n-butyl acrylafee, 6 parts of monobutyl maleate, 1.4 
parts of divinyl benzene and 1.0 parts of di-t-butylperoxide was dropwise added toth xylene solution and poly- 
merized for 4 hours. Aftsr removing the solvent, a resin composition having a glass transition temperature of 
57«C and a melt index of 2.1 was obtain d. The releasing agent is uniformly dispersed in the compositibn mP 
crosooplcaliy. A developer prepared by the aam manner as Examples was evaluated. Th r suit la shown in 
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Tabale 4. 
Example 16 

5 One thousand two hundreds forty parts of a polyester resin was obtained by poiycondensation of 318 parts 

of Isophthallc acid with 1,000 parts of adduct of 3 moles of propylene oxide to Bisphenol A. The resin had a 
number average molecular weight of 2.500. a weight average molecular weight of 5,000, a glass transition tem- 
perature of ae^'C, a melt viscosity of 50,000 poise at 75''C, an acid value of 1 .0 and a hydroxyl value of 51. 
A developer was prepared by mbcing the resin with a releasing agent of Example 2 In the same manner 

10 as Example 6. 

Antl-offsetting, f Uability and releasing property were evaluated on the developer, as shown In Tabale 4. 
Example 17 

15 Into an autoclave, 455 parts of novolak A was placed, and an Inlet air was substituted with nitrogen. Next, 

1.5 parts of triethylamine was added thereto, rising a temperature to 120''C and 261 parts of propylene oxide 
was supplied and reacted. Propylene oxide adduct of phenolic resin was thus prepared by removing volatile 
aubatanoe. Sbcty parts of the adduct, 940 parts of adduct of 3.1 moles of propylene oxide to 2,2-bis ( 4-hy- 
droxyphenyl } propane and 376 parts of terephthalic acid were reacted at SSO^'C in the presence of 3.5 parts 

20 of dlbutyl tin oxide under nitrogen stream. After cooling to 200<^, the reaction was continued under reduced 
pressure. A polyester resin having an acid value of 3.0, a glass transition temperature of ao^'C and a melting 
point of 11 8**C was thus obtained. 

A developer was prepared by mixing the resin with a releasing agent of Example 2 in the same manner 
as Example 6. 

26 Anti-oflsetting, f ixabillty and releasing property were evaluated on the developer, as shown in Tabale 4. 
Example 18 

Nine hundreds fifty parts of an adduct of 2.3 moles of ethylene oxkte to 2,2-bl8-4~hydroxyphenyl propane 
30 ( hydroxyl value:3 1 5 ) and 434 parts of terephthalic acid were condensed at 230^C until an acid value reached 
1.5. After cooling to 190°C. 100 parts of trimettilic acid was added and continued to react. A polyester resin 
having an acid value of 21 , a glass transition tempereture of 64^*0 and a softening point of 143'>C was thus 
obtained. 

A developer weis prepared by mixing the resin wHh a releasing agent of Example 2 In the same manner 
35 as Example 6. 

Anti-offeetting, f ixabillty and releasing property were evaluated on the developer, as shown in Tabale 4. 
Comparative Example 6 

40 In the same manner as Example 6 except for using a polyester resin of Example 16 and VIscol 550P, a 

developer was prepared. 

Anti-offeetdng, f ixabillty and releasing property were evaluated on the developer, as shown In Tabale 4. 



Table 4 





Example 15 

V 


Example 16 16 


Example 17 


Example 16 


Comparative Exam- 
ple 8 


Offset Initiating 

temperature 

(^) 


over 220 


220 


over 220 


over 220 


180 


Minimum fbc- 
abie tempera- 
ture ("C) 


140 

/ 


152 


139 


167 


155 


Releasing prop- 
erty 


good 


good 


good 


good 


poor 
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Claims 

1« A releasing agent obtained by reaction of an organic polysiloxane having at least one hydroxyl group or 
at least one epoxy group and an ethylenlcally unsaturated dicart>oxyl]c acid grafted polydef in or a reaction 
product'of said grafted polyolef in and an active hydrogen atom-containing compound selected from the 
group consisted of an aloohd, an amine and an aminoalcohol. 

2. The releasing agent according to dalm 1, wherein the polyolef In Is a low molecular weight polyolef In ob- 
tained by thernnal degradatbn of a high molecular weight polyolef in. 

3. The releasing agent according to claim 1, wherein the pdyolefin la a pdymer of ethylene. 

4. The rdeaaing agent according to daim 1, wherein the pdyolefin has a number average molecular weight 
of 500 to 100.000. 

5. The releasing agent according to claim 1, wherein the dicarboxyllc acid is nnaleic anhydride. 

6. The releasing ^gent according to claim 1, wherein the active hydrogen atcm-contalning compound Is an 
aminoalcohol or a monohydric alcohd having carbon atoms of 1 to 18. 

7. The releasing agent according to daim 1, wherein the polysiloxane has an epoxy equivalent of 200 to 
10.000. 

8. The releasing agent according to daim 1. wherein the reaction product of the grafted polyolef in and the 
alcohol Is a half ester. 

9. The releasing agent according to daim 1 , which contains 0.1 to 5 % t>y weight of a siiioone atom In the 
molecule. 

10. A resin composition comprising a rdeaaing agent of dalm 1 and a binder rssln. 

11. The resin composition according to claim 10, wherein the redn is a jpoiymer of a styrenic monomer or a 
pdyester. 

12. The resin composition according to claim 1 0, wherein the binder resin is a vinyl pdymer having a number 
average nrK>lecular weight of 2,000 to 15,000, a z average molecular weight of at least 400,000 and a ratio 
of z average molecular weight to number average mdecuiar weig ht ranging from 50 to 800. 

13. The resin composition according to daim 11, wherein the polymer of the styrenic monomer is a styrene- 
acryiate oopdymer. 

14^ The resin composition according to dalm 11 , wherein the pdyester comprises an alkyiene oxide adduct 
of a phendic resin and a pdycarboxylic acid. 

15. The resin composition according to claim 11, wherein the pdyester comprises an alkyiene oxide adduct 
of bispend A and a polycartx>xylic acid. 

16. The resin composition according to daim 15, wherein the poiycartxixylic add comprises trimeilitic acki. 

17. The resin composition according to dalm 10, wherein the composition Is ot^tained by dissdvlng or dis- 
persing a releasing agent of daim 1 into a solution of the binder reain and removing the sdvent 

16. The resin composrtk>n according to daim 17, wherein the binder redn is a styrene-ethylenically unaatu- 
rated ester copdymer. 

19. The resin composition according to daim 10, wherein the binder resin is a pdynr>er of a vinyl monomer, 
wherein said monomer is polymerised in the presence of a releasing agent of dalm 1. 

20. The resin composltton according to claim 19, wherdn the pdymer is a styrene-ethylenteally unsaturated 
eater copolymer. 



11 



